Influenza viruses are RNA viruses with a negative polarity, included in the Orthomyxoviridae family classified into A, B, and C types based on the majority of internal protein antigen, i.e. Nucleoprotein (NP) and matrix (M1). Among the three type viruses, influenza virus A is the most virulent and causes severe and sometimes fatal respiratory diseases. Influenza A virus is classified into several subtypes based on the antigenicity of the two surface proteins, i.e. HA and NA. Viruses that have been identified up till now comprise 16 HA subtypes (H1-H16) and 9 NA subtypes (N1-N9) (Rohm . 1996; Fouchier . 2005) . In Indonesia, the first avian influenza (AI) epidemic was reported in August 2003 in Tangerang Regency and Pekalongan district. The epidemic attacked layer chickens, broiler chickens, indigenous et al et al chickens, and ducks. Based on field examination, the clinical and pathological, the outbreak was diagnosed as the avian influenza subtype H5 . The specimens from the epidemic were successfully isolated and characterized by using a positive avian influenza serum as the avian influenza subtype H5 virus . also identified the outbreak and it was actually caused by AI virus subtype H5 by using RT-PCR technique.
The molecular character of AI virus in Indonesia has undergone quite dynamic changes since the occurrence of this disease outbreak in 2003. Genetic analysis show that most of the H5N1 influenza viruses from poultry and human in Asia include Z genotype, similar to the virus identified at the first time in poultry in South China Li . 2004; Puthavathana . 2005; WHO 2005 by Takano (2009) suggests that multiple evolutionally distinct lineages of viruses were established in Indonesia, where clade 2.1.3 viruses were increasingly dominating over time compared to clades 2.1.1 and 2.1.2. However, few studies have reported on the impact of the virus evolution on vaccine efficacy or the impact of vaccination on virus drift.
Several field viruses possessing different antigens from the previous H5N1 virus based on serological tests using chicken standard sera were also identified in Indonesia and Egypt in 2006 and at the beginning of 2007. These viruses caused mortality of chickens vaccinated with vaccine strains from North America and several seeds of Eurasian strains (Swayne and Kapczynski 2008) .
In Indonesia, since vaccination applied to the birds and the H5N1 character virus that easily to mutate, this warranted investigation since genetic drift may have occurred in the field virus due to immunological pressure from the vaccination program. Further, an effective vaccine strain should be at least 80% homologous to the AI field strain (Swayne 1999 ). This study assesses the evolution of the Indonesian AI viruses up to 2008 and investigated the impact of vaccination. The genetic drift virus that related with using AI vaccination in Indonesia did not yet science reported till now. The study focuses on the characterization of avian influenza viruses that isolated from vaccination flock compared with non-vaccination flock.
In this study, a total of 16 viruses were isolated and characterized to assess the evolution of the AI virus in Indonesia and to assess the difference in virus drift Cloacal swab specimens were collected from backyard birds in non-vaccinated outbreak areas and chicken from commercial farms that have been vaccinated birds for a minimum of two years (Table 1) .
Sterile cotton-tipped swabs were used for sampling and were subsequently stored in viral transport medium. Transport medium consisted of Dulbecco's modified eagle medium (DMEM) with 1000 IU penicillin and streptomycin. The samples were immediately transported to the laboratory after collection and were stored at -70°C. A 1000 µL sample in transport medium was homogenized by vortex and centrifuged with the speed of 2500-3000 rpm. The supernatants were then inoculated in embryonated specific pathogen free (SPF) eggs of 9-11 old days obtained from PT. Vaksindo Satwa Nusantara. Allantoic fluid was extracted using QIAmp RNA mini kit (Qiagen, Valencia, CA) according to the manufacturer instructions. The extracted RNA was tested for H5 by RT-PCR using H5-155F and H5-690R primer (Lee 2001) . Thermo cycling was performed inABI 9700 and 2700 PCR machines.
The M and NS genes were amplified using a primer according to Hoffman (2001) . For HA gene, we used sequence primers design by Senne (1996) to amplify HA1 region, and the modification of H5-155F (Lee . 2001 ) and NS890R primers (Hoffmann 2001) was used for HA2. The primers sequence for NA gene were . Volume 5, 2011 Microbiol Indones 69 Sequencing was performed by BigDye Terminator V3.1 cycle sequencing kit on Genetyx Analyzer 3130 (Applied Biosystems, USA). All sequence segments were assembled and aligned by BioEdit, version 7 (http://www.mbio.ncsu.edu/BioEdit). Phylogenetic trees were generated by neighbor-joining bootstrap analysis (1000 replicates) using the Kimura twoparameter model in MEGA, version 4 (http://www. megasoftware.net).
Visualization of predicted 3D-protein was conducted using the sequence produced from amino acid translation at HA1, NA, M1 and NS1 proteins. BLAST search (DS server) was used to locate the template with the highest homology. Multiple sequences were aligned and a 3D-model was built using DS Modeler and DS Standalone from Discovery Studio for Modeling and Simulation (Accelrys Discovery Studio version 2.1) (Dharmayanti 2009 ).
RESULTS

Analysis on the HA, NA, M, and NS Proteins.
The phylogenetic analysis of HA gene shows that viruses from vaccinated chickens formed a different group compared to the viruses isolated from nonvaccinated birds and even humans in Indonesia (Fig   1a) . For the HA gene, viruses characterized in this study had 5-8 glycosylation sites. Only three viruses had 8 glycosylation sites and all were from nonvaccinated birds (Group 4). Most viruses did not have glycosylation site at position 84 and vaccinated chicken viruses possessed only five glycosylations sites (Fig 2) .
For the NA and NS1 genes, the viruses from vaccinated chickens had a specific difference in the amino acid substitutions of NA protein compared to those in other Indonesian viruses. The overall difference from the original 2003 strain (A/East Java/BL-IPA/03) was only 1.3 -2%. At the NA protein, the viruses from vaccinated chicken from 2007-2008 had an amino acid substitution at position T76N. The 2008 vaccinated chicken virus had substitutions of P74S and T289I, which were even absent in the 2007 vaccinated chicken viruses (Table 2) .
The phylogenetic analysis of the M1 gene showed that viruses from vaccinated chickens were in the same group as viruses isolated from human cases in Indonesia (Fig 1c) , where they all held amino acid 70 DHARMAYANTI ET AL.
substitutions at positions T37A, R95K, T137A, and Q249H. Viruses from vaccinated chickens differed from other animal Indonesian viruses in that they had a T167N substitution (Fig 3) .
There were three substitutions in NS1 protein of viruses from 2007-2008 vaccinated chickens; V136L, T197A, and L212P, except the A/Ck/West Java/Smi-M6/08 virus did not have the substitution of T197A. Viruses from 2008 vaccinated chickens also had a unique substitution in NS1 protein (F22L) (Fig 4,  Table 2 ). Volume 5, 2011 Microbiol Indones 71 Non-vaccinated Compared to one of the earliest H5N1 viruses isolated in Indonesia in 2003 (A/East Java/BL-IPA/03), most mutations occurred in viruses from vaccinated chickens (Groups 1, 2, and 3) rather than viruses from non-vaccinated chickens isolated during similar timeframes and locations (Group 4). Group 1 had 4.95 % amino acid differences to the 2003 virus, Group 2 had 6.70% amino acid differences and Group 3 had 7.71% amino acid differences a total of 41 to 43 mutations in this Group. Even though unvaccinated chickens (Group 4) Antigenic Drift at HA gene. Based on the visualization of 3D prediction, it can be seen that the mutation in the virus from vaccinated chickens mostly occurred on the surface of HA molecule (Fig 5) . This globular head domain of HA1 protein is the target of the host antibody. Further, the virus from the Group 3 (Fig 4) appeared different from the viruses from Group 1 and 2, where they possessed more amino acid on the surface of the molecule including proline, lysine, and serine at position 123, 188, and 189 respectively.
DISCUSSION
Antigenic drift is a gradual evolution of the viral strain, due to frequent mutation (Both 1983) . In human, this happens at the average of 2-8 years as a response from the selection pressure to avoid the human immunity (Plotkin . 2002; Koelle . 2006) . The antigenic drift process including the point mutation in the antibody binding site in HA or NA protein or both occurs every time the virus carries out replication (Swayne and Kapczynski 2008) . Most of these mutations have no effects or The antigenic drift occurs in all strains of A and B viruses, though the evolution forms vary depending on the strains. For the influenza virus A (H1) and B, variants drift usually happen co-circulation with multiple co-existing lineages, followed by the reemergence of old isolates. In the influenza A subtype H3 virus more frequently mutates and forms a new variant replacing the old strain (Swayne and Kapczynski 2008) . Result of our study showed that the Indonesian viruses isolated from vaccinated farms had more mutations and antigenic drift compared to viruses from non-vaccinated birds. The mutations occurred at the HA, NA, M1, and NS1 protein level even though the highest mutations at the HA protein. system (Shih 2007) . Changes in this domain will influence the host immune response. From the unpublished data in our laboratory, we used the A/Chicken/West Java/Pwt-Wij/2006 as a master seed vaccine against the A/Chicken/West Java/Smi-M6/2008 (Group 3) as a challenge virus. The result showed that the vaccine cannot fully protective the virus and shedding virus occurred more than 14 days.
Most viruses isolated from vaccinating farms had reduced glycosylation sites compared to viruses from non-vaccinated birds. A reduction in these sites can result in a virus population with increased receptor affinity or a virus population that is more resistant to neutralization than the parental virus (Schulze 1997) .
Both the visualization of 3D prediction in this study and the challenge test in our unpublished study provide evidence for this outcome in the Indonesian virus, where 2008 virus from vaccinating farms (A/West Java/Smi-M6/08) was not neutralized by the 2006 vaccine strain virus (A/West Java/Pwt-Wij/06). The antigenic drift is the gradual evolution of the viral strain. The antigenic drift process can occur every time the virus carries out replication, affecting the antibody binding site in HA, NA protein or both (Shih 2007) . Most of the mutations have no effect and do not influence the protein confirmation. However, some mutations can cause changes in virus protein such as the binding of host antibodies. If this occurs, the infecting virus cannot be inhibited effectively by the host antibodies, allowing the virus to replicate further and potentially spread more quickly in a population. This study lends further evidence that the vaccination campaign in Indonesian farms led to more rapid antigenic drift of the virus.
The recommendation arising from this study to the AI disease control program in Indonesia is that the seed strain for vaccine needs to be updated beyond 2006. This is a major undertaking considering the antigenic diversity of the H5N1 sub-lineage in Indonesia. Also, as acknowledged globally, there needs to be routine monitoring, with adequate virus characterization, to observe the AI virus dynamism in the field and its compatibility to vaccine seed viruses (Chen 2006) . This recommendation is important in the larger scope of the Indonesian AI disease control program, where the cooperation of farmers in vaccination will be optimized if the vaccine provided is efficacious and effective.
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